INTRODUCTION
Gastric outlet obstruction is characterized by delayed gastric emptying that results in retention and vomiting of food unrelated to feeding. In healthy dogs, the stomach starts to empty within 30 minutes of feeding and is completely empty within 3-6 hours (Herdt 2007) . Delayed gastric emptying occurs when food is retained in the stomach for longer than 6-12 hours after a meal. Normal stomach emptying time is influenced by volume, caloric density and fibre content of the meal (Herdt 2007) .
Vomiting is the predominant sign associated with delayed gastric emptying; other signs include abdominal discomfort, distension, bloating and intermittent anorexia (Washabau 2003 , Simpson 2010 ).
The pyloric part of the stomach comprises the pyloric antrum which begins at the angular notch, the short and narrowed pyloric canal and the pylorus which surrounds the opening into the duodenum and the pyloric sphincter (Evans 1993) . Pyloric outflow obstruction is an uncommon finding in dogs and may result from a physical obstruction or defective propulsive activity. Physical pyloric outflow obstruction can be divided into congenital and acquired causes (Washabau 2003) .
Causes of congenital pyloric outflow obstructions in dogs are limited to smooth muscle hypertrophy resulting in pyloric stenosis, and gastric polyps (Happe and others 1977 , Pearson 1979 , Abel and others 2002 , Diana and others 2009 , Kuan and others 2009 . Acquired pyloric outflow obstruction in a 10 week old puppy has also been documented secondary to severe pyloric calcification as a result of acute renal failure from leptospirosis (Michel and others 2011) .
In the only case report of congenital outflow obstruction in cats, both the queen and two of her offspring were diagnosed with pyloric stenosis (Twaddle 1971) . The kittens first exhibited signs at fourteen weeks of age, raising the question of acquired stenosis because congenital signs of gastric outlet obstruction are usually already evident from 2-12 weeks of age in humans (Twaddle 1971, Ranells and others 2011) .
The same causes of congenital pyloric outflow obstruction as reported in dogs are reported in humans, but rare additional causes include pyloric membrane/web, pyloric atresia, or antral membrane/web/diaphragm (Mitchell and others 1979 , Nissan and others 1997 , Lui and others 2000 , Okoye and others 2000 . An antral mucosal valve causing gastric outlet obstruction has previously been reported in one neonate (Pratap and others 2006) .
In the authors' opinion, this is the first report in animals of a congenital excessive pyloric mucosal fold acting as an antral valve, causing delayed gastric outflow obstruction and only the second in any other species. Abdominal ultrasound revealed a grossly distended stomach with speckled hypoechoic fluid and food particles. In the pyloric region there was no obvious transit of food or liquid passing through to the duodenum, despite mild gastric contractions. The gastric mucosa appeared irregularly thickened near the pylorus, with a prominent submucosa. A pyloric outflow obstruction was suspected, although the exact cause of obstruction could not be determined, and an exploratory coeliotomy was performed.
CASE HISTORY
A ventral midline coeliotomy was performed under general anaesthesia using premedication with 0.1mg/kg diazepam iv (Valium, Lennon Medicine), induction with 4mg/kg propofol iv (Propofol 1%, Fresenius Kabi), and maintained on isoflurane (Isofor, Safeline Pharmaceuticals) and oxygen inhalation anaesthetics. Inspection of the stomach revealed a palpably thickened structure associated with the lumen of the pyloric antrum. A full thickness longitudinal incision was made in the ventral surface of the pyloric antrum. Subsequently an excessive mucosal fold was discovered in the area of transition between the pyloric antrum and pyloric canal about 1.5 cm oral to the pylorus. It involved approximately two thirds of the antral circumference caudally and the mucosal fold was physically able to occlude the pylorus resulting in subsequent obstruction. (Fig 2 and 3) . The mucosal fold was resected and the mucosa was sutured with 1.5 metric polyglecaprone 25 (Monocryl, Ethicon) using a simple continuous suture pattern (Fig 4) . The wall of the pyloric antrum was closed with 1.5 metric polydioxanone (PDS, Ethicon) using a simple continuous suture pattern in both the mucosa- at 1mg/kg/24 hours constant rate infusion for 5 days; omeprazole (Omez, Dr. Reddy's) at 0.7mg/kg orally once a day for 10 days and sucralfate (Ulsanic, Pharmacare) at 250mg orally twice a day for 10 days. Twelve hours after surgery, feeding was initiated at 4 hourly intervals. Regurgitation initially occurred twice but then stopped for the duration of the 6 day hospital stay.
Histopathology of the excised pyloric fold revealed no hypertrophic or inflammatory changes with only mild oedema and fibrosis of the mucosa layer and normal submucosal tissue. The patient was discharged with amoxicillin/clavunate (Synulox, Pfizer) 25mg/kg twice a day orally for 14 days.
Two weeks after discharge the patient had only regurgitated once. Thirty weeks post-surgery the owners reported that the patient was healthy, with no regurgitation and of expected size for the breed (Fig 5) . 
DISCUSSION
The typical presentation in humans and dogs with congenital gastric outflow obstruction is nonbilious vomiting within the first two to twelve weeks of life (Kuan and others 2009, Ranells and others 2011) . In this case, non-bilious regurgitation started at 3 days of age and was more prominent than vomiting and was most likely due to volume overload of the stomach that lead to retrograde reflux.
The diagnosis of gastric outflow obstruction was based on clinical signs, supportive ultrasound findings and the excessive mucosal fold found during surgery. The absence of smooth muscle hypertrophy in the histopathology samples and lack of circumferential thickening of the pylorus excluded the possibility of pyloric hypertrophic stenosis (Abel and others 2002, Ranells and others 2011) . In humans an antral web is characterised as a thin septum, located 1-to 7-cm from the pylorus and typically projects into the gastric lumen perpendicular to the long axis of the antrum others 1977, Tiao and others 2005) . The possibility of antral web was excluded both during surgery and histopathologically. The clinical examination, surgical findings, histopathology and response to surgery were most consistent with the reported findings in a new born child with an antral mucosal valve (Pratap and others 2006) . In the infant report the valve effect was clearly visualised after saline loading, which was not performed in this canine case, but resection of the excessive mucosal fold successfully relieved the pyloric outflow obstruction in both cases.
Surgery is the mainstay of correction in most causes of physical pyloric outflow obstruction.
The treatment of choice in humans and dogs for hypertrophic pyloric stenosis is a Fredet-Ramstedt pyloromyotomy, although conservative medical treatment with atropine sulphate also may be successful in milder cases (Matthiesen and Walter 1986 , Yamataka and others 2000 , Kawahara and others 2005 , Sola and Neville 2009 . Two kittens with pyloric stenosis were also treated with pyloroplasty (Twaddle 1971) . In humans most antral webs can be managed with a simple incision to excise the web, endoscopic transection or laser lysis of the web (Al-Kawas 1988) . Unlike other causes of gastric outlet obstruction, the prognosis after antral mucosal valve excision should be excellent, because pyloroplasty, which may adversely affect the antropyloric pump mechanism, is not required (Pratap and others 2006) .
The aetiology of the various causes of congenital outflow obstruction is under investigation.
A specific gene responsible for human congenital pyloric hypertrophic stenosis has not yet been discovered, although several susceptible loci have been identified (Panteli 2009 ). The aetiology of the antral web is still controversial. It may originate from incomplete canalization of the foregut during the 5-6th week of embryonal development, as an incomplete form of membranous atresia (Bell and others 1977 , Bell and others 1978 , Lui and others 2000 . However, an acquired antral web in adults due to peptic diseases has also been documented (Huggins and others 1982) . Due to the scarcity of reported cases of an antral mucosal valve causing gastric outflow obstruction in both humans and animals, the aetiology of the valve is unclear and can only be speculated, although the antral valve might share a common embryological origin with the antral web and other lesions causing congenital gastric outlet obstruction in humans (Bell and others 1978) .
In conclusion, in the authors' opinion, this is the first reported case of canine congenital excessive pyloric mucosal fold acting as an antral one-way valve. The response to surgery; resultant compensatory growth and lack of recurrence of clinical signs support the diagnosis, with a good prognosis subsequent to corrective surgery. This should be considered as a differential in any dog with congenital regurgitation or vomiting.
